Clinical overlap between autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) is increasingly appreciated, but the underlying brain mechanisms remain unknown to date.
S hared clinical and biological traits across psychiatric diagnoses have challenged the usefulness of a categorical nosology of psychiatric disorders for biological research. [1] [2] [3] The challenges associated with categorical perspectives of illness are exemplified by the frequent clinical overlap between autism spectrum disorder (ASD) and attentiondeficit/hyperactivity disorder (ADHD). [4] [5] [6] Whether such shared clinical presentations reflect common underlying neural mechanisms remains unknown to date. In both ASD and ADHD, abnormal large-scale networks have been consistently reported using a range of neuroimaging methods. 3, [7] [8] [9] [10] [11] [12] [13] Among these modalities, diffusion tensor imaging (DTI) can provide insight into the pathology of white matter organization. 14 Diffusion tensor imaging studies have found atypical structural connectivity in individuals with ASD [15] [16] [17] or ADHD 18,19 compared with typical controls, but the findings were based on independent comparisons. These studies varied in regard to DTI metrics examined, specific spatial locations, and the nature of the DTI abnormalities found in ASD or ADHD. Nevertheless, in most cases, lower fractional anisotropy (FA) in different areas of the corpus callosum (CC) has been reported in ADHD 19, 20 or ASD 15 relative to typical controls.
The only 2 studies 21,22 that have directly contrasted white matter structure in individuals with ADHD, those having ASD, and typically developing children (TDC) yielded mixed results. One tractography study 21 of 8 children with ASD, 20 children with ADHD, and 20 TDC revealed disorder-specific patterns of densely interconnected hubs (ie, rich clubs). Beyond concerns about sample size, that preliminary study did not assess the influence on white matter organization of cooccurring ASD or ADHD symptoms across diagnoses, thus missing a potential source of commonalities in DTI associations. A second DTI study 22 applied tract-based spatial statistics (TBSS) to a larger sample (n = 200) of school-aged children with ASD, ADHD, or obsessive-compulsive disorder compared with TDC. Decreased FA within the splenium of the CC was common among the 3 groups. 22 Brain-behavior relationships with symptom domains characteristic of each disorder, examined separately, did not yield significant findings. 22 Therefore, the implications of shared CC abnormalities remain unclear. While functional MRI studies 23, 24 have shown the utility of stratifying ASD subgroups based on ADHD comorbidity, no imaging study to date has simultaneously examined both ASD and ADHD dimensionally in the same sample. Accordingly, to identify specific or shared patterns of white matter organization, we analyzed DTI data from 174 schoolaged children with ASD, those having ADHD, or TDC. We adopted both a categorical diagnostic approach (ie, comparisons of diagnostic groups) and dimensional analyses of ASD-related and ADHD-related traits across diagnostic groups. The Social Responsiveness Scale by Parents (SRS-P) 25 and Conners' Parent Rating Scales-Revised: Long Version (CPRS-R:LV) 26 were used for dimensional analyses. To examine their unique contributions, these measures were included in the same model, hence removing shared variance. Fractional anisotropy was our primary measure of interest. Because other DTI metrics may provide distinct complementary information about white matter structure, 27 although rarely investigated together in ASD or ADHD, 20 secondary analyses also explored voxelwise mean diffusivity (MD), radial diffusivity (RD), axial diffusivity (AD), and mode of anisotropy (MA). Data collection was ongoing from December 2008 to October 2015.
Methods

Participants
We analyzed data from 174 children (age range, 6.0-12.9 years), including 50 TDC and children with a primary diagnosis of either ASD (n = 69) or ADHD (n = 55), selected from a larger sample after quality assurance (see "Preprocessing" and the eAppendix in the Supplement) to be group matched on age and sex (Table and eTable 1 in the Supplement) . Clinicians' diagnoses of ASD and ADHD were based on DSM-IV-TR codes supported by parent interview, direct observation, available teacher forms, and prior records (eAppendix in the Supplement). Autism spectrum disorder diagnosis was supported by the Autism Diagnostic Observation Schedule (research reliable n = 68) 28, 29 and the Autism Diagnostic InterviewRevised (research reliable n = 65). 30, 31 Absence of Axis I diagnosis per the Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version 32 and absence of a history of psychotropic medication use were required for inclusion as TDC. Exclusion criteria for all participants were current use of antipsychotics, known genetic diseases, or below 80 on the estimated full-scale IQ. 33, 34 To discern brain-behavior relationships, we used parent ratings of ASD traits and ADHD traits indexed by SRS-P total T scores 25 and CPRS-R:LV DSM-IV total T scores, 26 respectively (eFigure 1 in the Supplement). Parent ratings of the Children's Communication Checklist 2 (CCC-2) 35 and the Child Behavior Checklist 36 further characterized the sample. Parents also reported on race and socioeconomic status indexed by the FourFactor Index of Socioeconomic Status by Hollingshead. 37 Data from 29 TDC and 29 children with ADHD in our sample were
Key Points
Question Do the neural correlates of autistic traits extend across diagnostic boundaries among children with autism spectrum disorder and children with attention-deficit/hyperactivity disorder?
Findings This cross-sectional diffusion tensor imaging study analyzed data from 174 children, including 50 typically developing children and children with a primary diagnosis of autism spectrum disorder (n = 69) or attention-deficit/hyperactivity disorder (n = 55). While categorical comparisons detected a significant influence of autism spectrum disorder on multiple white matter metrics in the corpus callosum, dimensional analyses yielded an association with autism spectrum disorder symptoms and white matter metrics in a set of both callosal and other tracts, regardless of diagnosis.
Meaning
The frequent co-occurrence of autism spectrum disorder and attention-deficit/hyperactivity disorder symptoms may reflect underlying neural mechanisms that transcend diagnostic boundaries. included in a previous DTI study. 38 The institutional review boards of the New York University and the New York University School of Medicine granted ethical approval of the study. Written parental consent and verbal assent were obtained for all participants; children older than 7 years also provided written informed assent.
Data Acquisition
Two DTI scans were acquired using a twice-refocused diffusionweighted echoplanar imaging sequence (repetition time, 5200 milliseconds; echo time, 78 milliseconds; 50 sections; 64 × 64-pixel acquisition matrix; field of view, 192 mm; voxel size, 3×3×3mm;64noncollinear diffusion directions, uniformly distributed around a unit sphere with B value of 1000 s/mm 2 ; 1 image with no diffusion weighting) at the New York University Center for Brain Imaging using a 3.0-T imaging system (Allegra; Siemens). We obtained T1-weighted images using 3-dimensional magnetization-prepared rapid acquisition gradient echo for anatomical registration (eAppendix in the Supplement).
Preprocessing
To enhance signal to noise, analyses were conducted only in children who completed 2 DTI scans. Analyses were conducted with Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library version 5 (http://www.fmrib.ox.ac.uk). Quality assurance involved eddy current and motion corrections, as well as removal of nonbrain tissue. Our head motion index was the mean absolute intervolume displacement with respect to the first image of each run; root-mean-square (RMS) deviation was calculated using FSL (the FMRIB Software Library) rmsdiff.
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Given that motion introduces artifacts in DTI metrics, 40 we only included data with a mean absolute RMS less than 5 mm and image quality passing visual inspection. As a result, 69 of 83 children with ASD, 66 of 82 children with ADHD, and 68 of 79 TDC passed quality assurance; they did not differ from those excluded in demographic or primary clinical measures (eTable 2 and eTable 3 in the Supplement). As detailed in the eAppendix in the Supplement, to match diagnostic groups by age and sex, 11 children with ADHD and 18 TDC were further excluded, yielding a final sample of 174 children.
TBSS Proprocessing
First, nonlinear registration to a common space was conducted by aligning each participant's FA image to the Montreal Neurologic Institute 152 space template. Then, a mean FA image and a mean FA skeleton of the aligned images were created. Voxelwise analyses were subsequently conducted for skeleton areas with an FA of at least 0.2. Analyses with more stringent FA thresholds (ie, ≥0.25 and ≥0.3) yielded similar results (eFigure 2 in the Supplement). Voxelwise analyses for secondary DTI metrics were conducted using values projected onto the mean FA skeleton.
Group Analyses Categorical Approach
To examine the main influence of diagnosis on DTI metrics, we performed an F test using FSL Randomize. 41 Age, sex, and motion were included as nuisance covariates. Statistical significance was set at threshold-free cluster enhancement (TFCE) P < .05 to control for familywise error (FWE) rate (α = .05), thus accounting for multiple comparisons. 42 Post hoc pairwise group comparisons were conducted for clusters showing significant main group associations for each metric separately.
Dimensional Approach
We assessed the association between DTI metrics and ASD traits or ADHD traits (indexed by SRS-P or CPRS-R:LV DSM-IV total T scores, respectively) using FSL Randomize across all participants, regardless of diagnosis (ie, ASD, ADHD, and TDC). Nuisance covariates were age, sex, and motion. In addition, to identify their unique contributions to brain-behavior relationships and given their significant relationship (r = 0.59, df = 169, P < .001), we included both SRS-P and CPRS-R:LV DSM-IV total T scores in the same model. There was no multicollinearity across covariates (variation inflation factor <4). 43 Analogous to the categorical approach, statistical significance was set at TFCE FWE corrected 1-sided P < .05. For interpretation, only TBSS results within the International Consortium for Brain Mapping DTI-81 atlas 44 are reported and labeled accordingly (raw images are shown in eFigures 3, 4, and 5 in the Supplement).
Results
Categorical Approach
Fractional Anisotropy Values in clusters located in the genu, body, and splenium of the CC differed across diagnostic groups (overall 4179 voxels; Figure 1 and eTable 4 in the Supplement). Post hoc analyses revealed significantly lower FA among children with ASD compared with both children with ADHD and TDC in these clusters. Children with ADHD and TDC did not differ significantly in regard to the mean FA for these clusters (eFigure 6 in the Supplement).
Other DTI Metrics A significant influence of ASD diagnosis was also evident in several portions of the CC for all DTI metrics examined except MA ( Figure 1 and eTable 4 in the Supplement). Similar to the FA results, children with ADHD did not differ significantly from TDC in any of the diffusivity metrics or MA. In these clusters, children with ASD had significantly higher mean MD, RD, and AD compared with those having ADHD and TDC (eFigure 6 in the Supplement). The number of voxels identified by these categorical TBSS analyses of MD, RD, and AD was 1280, 2721, 523, respectively. Across these DTI metrics, ASDrelated abnormalities converged on the midbody and anterior portions of the CC (Figure 1 ).
Dimensional Approach
Fractional Anisotropy Dimensional analyses revealed a significant relationship between FA and SRS-P total T scores but not for CPRS-R:LV DSM-IV total T scores. Specifically, across participants, FA was significantly and negatively related to SRS-P scores in clusters overall encompassing 12121 voxels extending from anterior to posterior regions of the CC and other tracts not identified by the categorical approach ( Figure 2 and eTable 5 in the Supplement). These tracts extending within and outside the CC encompassed the anterior limb of the internal capsule, the inferior longitudinal fasciculus, and the corona radiata.
Other DTI Metrics Among our 4 complementary DTI metrics, MD and RD were significantly positively related to SRS-P total T scores in clusters of 18058 and 15441 voxels, respectively. These relationships converged in the CC, corona radiata, and inferior longitudinal fasciculus areas that were also identified in FA analyses ( Figure 2 and eTable 5 in the Supplement).
Follow-up Analyses
Validating DTI-ASD Dimensional Relationship To ensure that the above associations in the Dimensional Approach subsection did not simply depend on ASD diagnosis, we assessed the relationship between SRS-P total T scores and FA measures at the clusters identified in TBSS analyses across all children after regressing out the nuisance covariates and ASD diagnostic status (ie, ASD is 1, and non-ASD is 0). The pattern of results was similar to that observed in primary analyses (β 6,164 =−0.27 ,P = .01). Similar findings were obtained for MD (β 6,164 = 0.32) and RD (β 6,164 = 0.31) (P = .005 for both). To verify this pattern's robustness to TFCE FWE correction, we repeated a TBSS dimensional DTI-SRS analysis adding ASD membership as a nuisance covariate. The pattern of DTI-SRS relationships was similar to the patterns identified in primary analyses, particularly at corrected P < .10 (eFigure 7 in the Supplement). Furthermore, given concerns that SRS-P total T scores may be confounded by non-ASD behavioral symptoms, 45 secondary analyses examined the reproducibility of these relationships using an alternative, independent measure of ASD traits. We focused on the 5 subscales of the CCC-2 capturing pragmatic aspects of language and behaviors commonly impaired in ASD. After regressing the influences of age, sex, motion, and CPRS-R:LV DSM-IV total T scores, we tested the relationships between these CCC-2 scaled scores and the mean FA, MD, and RD values in the clusters identified in primary voxelwise The x, y, and z are Montreal Neurologic Institute coordinates. Fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD), and radial diffusivity (RD) showed significant influences of diagnosis. Statistically significant clusters converged in the corpus callosum, especially the anterior portions. FWE indicates familywise error; R, right; and TFCE, threshold-free cluster enhancement. The numbers in the Venn diagram denote the number of voxels in the clusters that were significant for each diffusion tensor imaging metric alone or combined with any of the others. Secondary post hoc group comparisons showed that these differences were driven by autism spectrum diagnosis (eFigure 6 in the Supplement).
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White Matter Structure in Autism Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder dimensional analyses. Results were in line with the pattern observed with SRS-P total T scores. Use of context, stereotyped language, and nonverbal communication subscale scores were significantly and positively related to FA in these clusters (β 5162 = 0.22, 0.22, 0.18, and P = .01, 0.01, 0.05, respectively); use of context and stereotyped language were negatively associated with RD (β 5162 = Ϫ0.25 and Ϫ0.20, P = .004 and 0.02, respectively) and MD (β 5162 = Ϫ0.27 and Ϫ0.18, P = .002 and 0.04, respectively) (eFigure 8 in the Supplement).
Exploring the ADHD Subdomains
Because no significant DTI relationships were identified in regard to CPRS-R:LV DSM-IV total T scores for any DTI metrics examined, we secondarily explored whether subscores of the ADHD subdomains (ie, inattention and hyperactivity/ impulsivity) may provide additional information. We first performed dimensional TBSS analyses of CPRS-R:LV DSM-IV inattention and hyperactivity/impulsivity T scores separately (controlling for each other in the same model while also including age, sex, and motion). Results indicated a significant relationship of CPRS-R:LV DSM-IV inattention T scores with AD in a cluster of 716 voxels localized the anterior and middle CC (eTable 6 and eFigure 9A in the Supplement). Given that SRS-P total scores were positively associated with both CPRS-R:LV DSM-IV subdomains, to determine the specificity of the ADinattention relationship, we repeated analyses, including SRS-P in the model. Results indicated significant effects of CPRS-R:LV DSM-IV inattention T scores for AD in clusters of overall 6142 voxels centered in CC, as well as for MD in a small cluster with 37 voxels in the posterior CC (eTable 7 and eFigure 9B in the Supplement). No significant relationships were detected with CPRS-R:LV DSM-IV hyperactive/impulsivity T scores.
DTIPrep-Based Analyses
To further address concerns about head motion, we repeated group TBSS analyses after automatic artifact correction using DTIPrep (eAppendix in the Supplement). 46 The pattern of results was similar to the patterns reported above in the Categorical Approach and Dimensional Approach subsections and in Exploring the ADHD Subdomains in the Follow-up Analyses subsection (eFigures 5, 10, and 11 in the Supplement).
Discussion
We assessed white matter organization within and beyond the diagnostic boundaries of ASD and ADHD using TBSS analyses in a moderately large, well-characterized, and low-motion sample of 174 school-aged children with ASD, those having ADHD, or TDC. Taken together, our results indicate that white matter organization was affected by both ASD diagnosis and ASD traits across diagnoses. While categorical analyses revealed The x, y, and z are Montreal Neurologic Institute coordinates. The dimensional approach identified clusters in which fractional anisotropy (FA), radial diffusivity (RD), and mean diffusivity (MD) were associated with SRS-P total T scores. Clusters identified by these 3 diffusion tensor imaging metrics converged in the corpus callosum from its anterior to posterior regions. The numbers in the Venn diagram denote the number of voxels in the clusters that were significant for each diffusion tensor imaging metric alone or combined with any of the others.
In the right column, scatterplots show the relationship across all participants between each diffusion tensor imaging metric and SRS-P total T scores (residuals accounting for the nuisance covariates included in the model are plotted). ADHD indicates attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; FWE, familywise error; R, right; TDC, typically developing children; and TFCE, threshold-free cluster enhancement. white matter abnormalities only in children with ASD, dimensional analyses provided a more complete picture of the influence of ASD or ADHD symptoms on white matter. By indexing individuals as a function of ASD severity, our approach revealed brain-behavior relationships, regardless of diagnostic status. Notably, these relationships were observed across distinct measures of ASD traits (SRS-P and CCC-2) while controlling for ADHD severity, thereby underscoring the specific role of autistic traits. Although ADHD total T scores were not significantly related to any DTI metrics, ADHD subdomain analysis revealed a significant dimensional association, primarily between AD and inattention, mostly localized in the CC. Consistent with models emphasizing the role of abnormal interhemispheric interactions in neurodevelopmental disorders, [47] [48] [49] [50] [51] results from both our categorical and dimensional approaches converged on the CC. Lower FA, along with greater MD and RD, in multiple CC regions both characterized ASD diagnosis, as well as ASD traits across children. While atypical DTI findings in CC regions have been consistently reported in prior studies 15, 19, 20 comparing ASD or ADHD vs TDC separately, our assessment of both ASD and ADHD dimensions across groups provided a novel perspective on the influence of ASD traits on white matter organization in both disorders. Indeed, emerging clinical evidence highlights the significance of autistic traits in a substantial group of children with ADHD and vice versa. 5, 6 Still, their underlying neural mechanisms have been virtually ignored to date. Findings of brain-behavior relationships that are specific to the ASD domain and yet shared across disorders suggest that these are potentially shared biomarkers. Future longitudinal studies may elucidate whether common developmental pathways exist. The wide spatial extent of significant findings emerging from dimensional analyses of ASD symptoms likely reflects the multifaceted nature of ASD-related impairments. The posterior CC has been shown to be involved in sensory and visuospatial processing. 52, 53 In contrast, consistent with its role of connecting the bilateral frontal cortex, 54 the anterior CC has been associated with social functioning impairment in ASD.
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The midbody of the CC connects the bilateral premotor, primary motor, and primary sensory cortex, 55 suggesting that atypicalities in this CC region are related to sensory and motor processing abnormalities. Social, sensorimotor, and language impairments have also been previously reported in children with ADHD, but their nature remains unclear.
56-58
Different dimensional impairments common to children with ASD or ADHD may account for our findings. Future studies that include fine-grained measures of ASD subdomains and are obtained from multiple sources and in large samples are needed to differentiate the specific functional roles of these tracts in children with ASD and ADHD. Although dimensional analyses with combined ADHD (ie, inattention and hyperactivity/impulsivity combined) revealed no significant relationships, those exploring inattention did. These findings converged on the CC and affected AD, which did not relate to ASD symptoms. A tantalizing hypothesis is that abnormalities in different aspects of white matter structure might correspond to distinct psychopathological profiles. This hypothesis can only be tested with larger samples and more advanced diffusion methods able to capture finer aspects of white matter organization. 59, 60 Overall, the results herein suggest that brain-behavior relationships vary depending on the ADHD subdomains; therefore, inclusion of ADHD heterogeneous samples without accounting for their core subdomains may have contributed to prior conflicting findings. Lack of regional differences associated with ADHD diagnosis is not consistent with results of some prior TBSS studies, including meta-analyses. 20, 61 Several scenarios can explain this inconsistency. First, the effect size of white matter abnormalities in ADHD may be small and thus missed in multiple-group comparisons. Second, as discussed in the previous paragraph, more homogeneous ADHD presentations may be necessary to detect group differences. Third, negative findings for ADHD diagnosis may reflect our emphasis on groups not differing in head motion. may bypass this concern. Second, although the diagnostic groups did not differ significantly in sex distribution, most participants were male, reflecting the higher prevalence of boys in ASD and ADHD. 70 Therefore, results herein may not generalize to girls.
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Conclusions
In summary, our dimensional approach was more sensitive in detecting brain-behavior relationships with ASD traits and ADHD traits than the categorical approach. The clinical observation that these traits extend across diagnostic categories 4, 6 likely reflects shared underlying neural mechanisms. Therefore, this study emphasizes investigations of constructs and domains transcending traditional categorical boundaries, with the ultimate goal of identifying biomarkers on the path toward precision medicine. 
eAppendix. Supplemental Appendix
Methods
Sample selection
Diffusion tensor imaging (DTI) analyses were conducted on a sample of 174 children selected from an initial sample consisting of 244 children who had completed two DTI scans which were collected following at least one T1 and resting state fMRI scans. This initial sample included 83 data form children with autism spectrum disorder (ASD), 82 from children with attention-deficit/hyperactivity disorder (ADHD), and 79 from typically developing children (TDC). Of those 244, data from 203 children (69 ASD, 66 ADHD, 68 TDC) passed our quality assurance (QA) criteria described below (see Preprocessing below). To match diagnostic groups by age and sex we further excluded 11 children with ADHD and 18 TDC, yielding a final sample of 174 children (69 ASD, 55 ADHD, 50 TDC).
We used t-tests within each diagnostic group, to assess whether the children who passed QA (N=203) and those who did not (N=41) differed in key clinical and demographic characteristics. As shown in eTable 2, there were no statistically significant differences between the QA-based groups in any clinical or demographic measure examined. Further, we repeated similar comparisons between our final sample (N=174) and those excluded after sex and age matching (N=29) within ADHD and TDC, separately; again, no statistically significant differences were detected (eTable 3).
Detailed sample characteristics
DSM-IV-TR diagnoses were confirmed based on observation, careful review and discussion of all records available among a multidisciplinary case conference including two child and adolescent psychiatrists, two licensed clinical psychologists, as well as three clinical or neuroscience postdocs and a varying number of medical students and interns.
ASD sample. Clinicians' best-estimate DSM-IV-TR diagnoses were Autistic Disorder (n=52), Asperger's Disorder (n=8), and Pervasive Developmental Disorder Not Otherwise Specified (n=9). Administration of the Schedule for Affective Disorders and Schizophrenia for School-Age for Children-Present and Lifetime Version (KSADS-PL) 1 allowed assessment of psychiatric comorbidity in ASD. Consistent with the literature, 2 among the 52 children with ASD, 46 (67%) had at least one psychiatric comorbid diagnosis. The most frequent comorbidity was ADHD (ADHD combined type n=20; ADHD predominately inattentive type n=11;
ADHD predominately hyperactive-impulsive type n=4; ADHD not otherwise specified n=2) per DSM-IV-TR 3 after excluding criterion E that prevented diagnosing ADHD in those with ASD. Regardless of ADHD diagnostic comorbidity, and consistent with prior reports, 4 among the 69 ASD children 37 (54%) had some clinically significant ADHD symptoms based on parent reports at the CPRS-R:LV DSM-IV total T-scores>65 (i.e., 1.5 SD above the norm) (eFigure 1); 28 of these children also presented clinician-based comorbid ADHD diagnosis. Regarding psychoactive medication use, eight children with ASD were treated with a stimulant at the time of the study. Of them all but two withdrew stimulants for at least 24 hours prior to the MRI scan.
ADHD sample. Clinical ADHD diagnosis was aided by KSADS-PL 1 and teachers' reports of clinically significant ADHD symptoms based on the Conners' Teacher Rating Scales-Revised: Long Version 5 (n=52) or teachers' reports to clinicians. Among the 1. Of note, 19 out of 55 children with ADHD had clinically significant ASD symptoms (SRS-P total T score>65) (eFigure 1). 6, 7 None of these children met DSM-IV-TR criteria for ASD, consistent with prior reports. 7, 8 Regarding psychoactive medications use, seven children with ADHD were taking stimulants at the time of the scan. All, except one, were unmedicated for at least 24 hours prior to the scan.
Data acquisition
Two DTI scans were acquired using a twice refocused diffusion-weighted echo-planar imaging sequence (TR=5200ms; TE=78ms; 50 slices, acquisition matrix 64x64; FOV=192 mm; voxel size=3x3x3mm; 64 non-collinear diffusion directions, uniformly distributed around a unit sphere with b-value 1000 s/mm 2 ; 1 image with no diffusion weighting) at the NYU Center for Brain Imaging using a Siemens Allegra 3.0 Tesla scanner (Siemens, Iselin, New Jersey). We obtained T1-weighted images using 3D magnetization prepared rapid acquisition gradient echo (TR=2530ms; TE=3.25ms; TI=1100ms, flip angle=7°) for anatomical registration.
Cluster level investigation of data after using DTIPrep Preprocessing
Given that head motion is known to introduce artifacts in DTI metrics, 9 our analysis considered a relatively low motion sample. We indexed head motion based on mean absolute inter-volume displacement with respect to the first image of each run; root-mean-square (RMS) deviation was calculated using the FSL function rmsdiff. 10 We only included data with mean absolute RMS<5mm and image quality passing visual inspection. To further address concerns about head motion and artifacts, in secondary analyses diffusion-weighted imaging data were processed with DTIPrep software, which automatically excludes directions with artifacts and corrects for motion at the individual level. 11 Before motion correction, DTIPrep performs a slice-wise intensity checking and interlace-wise Venetian blind checking since they may affect the following registration. A slice-wise intensity checking is designed to detect slice by slice motions and rapid intensity changes. An interlace-wise checking, served to detect artifacts due to misalignment of two interleaved volumes. Then, the software conducts motion correction by registering each volume to the baseline (b0 volume) with affine 12 degree of freedom. After motion correction with DTIPrep, head motion was calculated using the FSL function rmsdiff.
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Based on repeated measures ANCOVA with the within-subject factor being implement of DTIPrep and the between-subject factor being diagnosis, covarying for age and sex, mean motion computed on data processed with DTIPrep was significantly lower relative to the one computed on data processed without DTIprep for all diagnostic groups yielding no significant effect of diagnosis (DTIPrep motion=2.8±1.0, 2.7±0.8, 3.6±0.6, 3.4±0.7 (mm) for ASD, ADHD, and TDC groups, respectively; F 1,169 =10; p=0.002). Given that DTIPrep automatically excludes directions with artifacts, we examined whether there was a significant difference in number of directions excluded between the three diagnostic groups. The mean of number of directions excluded by DTIPrep was 9.1±6.7, 8.4±5.6, and 9.4±8 .0 out of 130 (i.e., 65 directions x 2 scans) for ASD, ADHD, and TDC, © 2017 American Medical Association. All rights reserved. 4
respectively. Groups did not significantly differ in regard to number of directions excluded (F 2,169 =0.38, p=0.70 ).
Data processed with DTIPrep underwent TBSS-preprocessing in the same way as our TBSS primary analyses, using FMRIB Software Library version 5 generating a mean fractional anisotropy (FA) skeleton (FA≥0.2) after nonlinear registration. All participants' DTI metrics were projected onto the mean FA skeleton prior to cluster level analyses. We then computed mean DTI metrics across voxels in the clusters identified in primary TBSS analyses.
Statistical analyses at the cluster level on DTIPrep data
Categorical analysis. ANCOVA tests (nuisance covariates: age, sex, and mean motion) examined effect of diagnosis on mean FA, radial diffusivity (RD), mean diffusivity (MD), axial diffusivity (AD) computed across the voxels in the corresponding clusters identified in primary TBSS analyses. The pattern of results for FA (ASD < ADHD = TDC), RD, MD, and AD (ASD > ADHD = TDC)
were virtually unchanged (eFigure 6).
Dimensional analyses of SRS-P.
We examined the association between mean FA, RD, MD with SRS-P total T-scores regressing out the effects of age, sex, mean motion, and CPRS-R:LV DSM-IV total T-scores. All dimensional analyses yielded patterns of results similar to those results obtained in primary TBSS analyses with data processed without DTIPrep in primary TBSS analyses.
Specifically, mean FA values were significantly and negatively associated with the SRS-P total T-scores ( SRS-P total T (b) 63 (16) 56 (5) 62 1.4 0.15 45 (7) 42 (4) 
